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Abstract
Absolute accuracy is needed when analyzing the fatty acid (FA) and trans fatty acid (TFA) in fats and food products because of
their nutritional and health implications. Thus, A gas chromatographic method for the identification and quantification of FAs and
TFAs based on the extraction of lipids and derivatization using base catalyzed followed by (trimethylsilyl)diazomethane (TMS-DM)
was developed and validated. The proposed method was evaluated to a number of standard FAs including TFAs and five of bakery
products commercially available in Malaysian market (biscuit, cooker, cracker, cake, and bread) were used for that purpose and to
demonstrate the applicability of the proposed method. In this regard, response linearity, sensitivity, precision and accuracy were
all determined. Overall, the method was found to allow sensitive and accurate determination of different types of FAs and TFAs.
Furthermore, R-values from all the samples were revealed to be close to 100%, repeatability (intra-day RSD) ranged between 0.98%
and 3.61%, and reproducibility (inter-day RSD) values ranged between 1.24% and 4.18%. Thus, the procedure could be an accurate,
precise and reliable method for analyzing FAs in several samples of dietary fat in bakery products.
© 2013 Taibah University. Production and hosting by Elsevier B.V. All rights reserved.Keywords: Trans fats; Bakery products; Validation; Dietary fats
1.  Introduction
The results obtained in many previous studies indicate
the importance of food FA composition in human nutri-
tion and health [36,43]. Therefore, the determination of
FAs is an essential requirement in testing food material
[31]. Naturally, all unsaturated FAs in the vegetable oils∗ Corresponding author. Tel.: +603 89213915.
E-mail address: jumat@ukm.my (J. Salimon).
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http://dx.doi.org/10.1016/j.jtusci.2013.04.002are in the cis-form; while, a large proportion of unsat-
urated FAs isomerize to their TFA counterparts during
industrial hydrogenation of vegetable oils. Thus, dietary
fats made with fully and/or partially hydrogenated oils
such as margarines contain TFA [5,9,39].
Furthermore, the taste and flavour of the final product
may depend on the fat or oil used in the foods. How-
ever, highly unsaturated vegetable oils are less suitable
for many food applications [10,34]. Therefore, hydro-
genated fats and oils prevent rancidity and are used in
foods to improve texture and stability for a longer shelf
life because TFA have higher melting points and greater
stability than their cis isomers [16,40,42]. Hence, bak-
ery products made with such hydrogenated fats and oils
such as biscuits, cakes, cookies, crackers and breads also
contain TFA [17].
Nevertheless, unfortunately, the clinical studies have
indicated that the intake of TFA may be a risk factor for
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ardiovascular disease by raising serum cholesterol lev-
ls in low-density lipoproteins [6,21]. This association
etween dietary consumption of some FAs and increased
isk of some diseases has led to the implementation of
ew regulations requiring the declaration of FAs includ-
ng TFA content on the labels of conventional foods and
ietary supplements in several countries [11]. Conse-
uently, accurate methods for measurement of FAs and
FAs with adequate sensitivity and precision are needed
o achieve those objectives.
GC coupled with mass spectrometer (MS) or
ame ionization detector (FID) is the most widely
sed technique for determination of FAs and TFA
30,20,14,15,33]. Commonly, the most methodologies
sed for determining FAs are lipid extraction followed by
onversion of the FAs into corresponding methyl esters
FAMEs) [13,12]. Such methodologies are usually used
or preparing FAMEs from lipids either by basic hydrol-
sis followed by methylation of the free FAs (FFAs) or
y transesterification of lipids using acid or base cat-
lyzed as rapid and simple methods [3,13,15]. However,
ach of these procedures has their own advantages and
isadvantages [7].
Although, these methods have been optimized for
nalysis of specific foods [28,27], variable and inaccu-
ate results are possible when analysing products having
 complex mixture of FAs and TFA due to the chemi-
al instability of PUFA and the changing distribution of
is and trans isomers entering GC [26,32,23]. Moreover,
o obtain accurate quantitative results, it is necessary to
ddress potential procedural difficulties, such as incom-
lete conversion of the FAs into FAME, formation of
rtefacts and contamination, alterations of the original
A profile during esterification (positional and/or geo-
etrical isomers, i.e., TFA isomers) and subsequent
amage of GC column [1,32,33,23].
Otherwise, fats in human diet consist mainly of
riacylglycerol (TAG) molecules with little non-lipid
ontaminants [13,22]. The presence of non-lipids at the
oment of the derivatization process may lead to inter-
erence with lipids and that causing potential errors and
igh variable profiles [19]. Therefore, all the lipids in
he sample in their native state must be isolated, samples
hould be free of contaminants, before being analyzed
14,22,31]. Accordingly, the need for accurate and reli-
ble methods for extracting the lipid and determining
he FA has led to developing a accurate method in order
o overcome the shortcomings that may affect on the
ensitivity of the analysis procedure.
TMS-DM is an ideal derivatization reagent, and a
onvenient alternative source of diazomethane, which
s proved to be safer to handle. TMS-DM convertsniversity for Science 7 (2013) 56–63 57
carboxylic acids to methyl esters in high yields, short
incubation times, and forms few by-products (nitrogen
gas) [30]. Furthermore, the methylation by TMS-DM,
after the saponification process, when compared to other
methylation reagents has been shown to be more accu-
rate for PUFAs analysis in seafood [18], and conjugated
linoleic acid isomers in ruminant meat tissues [2]. How-
ever, the hydrolysis or presence of traces of water leads
to poor recoveries of FAMEs [7,19]. In additional, the
based-catalyzed method for direct transesterification of
lipid also has resulted in poor recoveries of FAMEs
because FFAs might remain partially unreacted [19].
Consequently, it is possible to apply the advantages of
sodium methoxide (NaOCH3) as a useful reagent for fast
transformation of FAs into FAMEs [13,12] along with
using TMS-DM reagent for complete methylation of all
FFAs.
The proper extraction and esterification could allow
completing separation in a single chromatogram and
quantifying a complex mixture of FAs and TFA due
to their impact on the health of consumers. The aim of
this work was to validate the GC analysis method which
based on derivatization of lipid extract using NaOCH3
followed by TMS-DM for accurate and reliable identifi-
cation and quantification of mixture of FAs and TFAs, as
well as to demonstrate its applicability for determining
the FA in food fats of various samples of bakery prod-
ucts for monitoring low levels of cis/trans FAs, correct
nutrition labelling and control the labelling authenticity.
2.  Materials  and  methods
2.1.  Sample  selection
Five food items, all commercial, were used in this
study. The samples included different bakery prod-
ucts, such as biscuit, cracker, bread with filling, cookie
and cake, as these products mainly contain FAs and
TFAs. The samples were purchased from local mar-
kets in Malaysia, including the national and imported
brands. All of those samples were coded with a letter
(from A to E).
2.2.  Reagents  and  standards
All chemicals, solvents and reagents employed were
analytical grade and purchased from Malaysia (Systerm,
Malaysia). The internal standard (IS) C15:0 and the indi-
vidual of five FAs and FAMEs standards: palmitic (PA)
C16:0, oleic (OA) C18:1, elaidic (EA) C18:1t9, linoleic
(LA) C18:2 c9, c12, and linolelaidic (LEA) C18:2 t9,
t12, were purchased from Fluka (purity; ≥99% (GC);
ibah U58 T.A. Omar, J. Salimon / Journal of Ta
Sigma–Aldrich, Germany) and used during the vali-
dation procedure. The esterifying agent TMS-DM (2 M)
in n-hexane was purchased from Sigma (Sigma–Aldrich,
Germany).
2.3.  Preparation  of  samples  and  fats  extraction
Each of the food samples was grinded and kept in
the oven at 50 ◦C until complete dryness before analy-
sis. Total lipids were extracted using Soxhlet Method for
cereal fat [4]. Approximately 10 g of homogenized sam-
ple was weighted into a cellulose extraction cartridge
and transferred in the thimble of the Soxhlet apparatus.
Lipids were extracted with 150 ml of n-hexane, contain-
ing (50 ppm BHT) as antioxidant, and the total time
required was approximately 3 h. After extraction, the
mixture was dried with Na2SO4 and filtered through
fluted filter paper. The solvent was removed by evapora-
tion using rotary evaporator. Finally, the extracted lipid
was dried under nitrogen, weighed carefully and stored
frozen until analysis.
2.4.  Preparation  of  FAMEs
Each of extracted lipids of the selected samples was
transferred to a screw-cap test tube and a known con-
centration of IS was added. FAMEs were prepared by
using 1 ml of 2 M NaOCH3 in a water bath at 60 ◦C.
Drops of concentrated glacial acetic acid were added to
neutralize the NaOH. After flushing with N2, the samples
were redissolved in 1 ml of methanol: toluene (2:1, vol.),
and 100 l of TMS-DM (2 M) in n-hexane was added at
60 ◦C for 5 min. Drops of glacial acetic acid were added
until the yellow colour disappeared to remove unreacted
TMS-DM and the reaction mixture was diluted with 1 ml
of 0.5% NaCl solution. Methyl esters were extracted
twice in hexane containing (50 ppm BHT) (2 ml ×  1 ml)
and the upper hexane layers containing the FAMEs were
pooled and dried down under N2 before they stored at
−20 ◦C until GC analysis.
2.5.  GC  analysis  of  FAME
FAMEs in all the test tube samples were re-dissolved
in 100 l hexane and 1 l volume of each sample was
injected five times into GC–FID (Shimadzu, GC-17A,
Kyoto, Japan) for separation and quantification of the
FAMEs. The analysis was carried out using a BPX-
70 fused silica capillary column (30 M, 0.25 mm i.d.,
0.2 m film thickness, Melbourne, Australia). The run
was under an optimized temperature programme as fol-
lows: initial column temperature 100 ◦C, programmedniversity for Science 7 (2013) 56–63
to increase at a rate of 10 ◦C min−1 up to 160 ◦C and
then at 3 ◦C min−1 up to 220 ◦C. This temperature was
maintained for 5 min, then at 10 ◦C min−1 up to final
temperature of 260 ◦C and held for 5 min. Injector and
detector temperatures were at 260 ◦C and 280 ◦C, respec-
tively. Helium was used as the carrier gas at a flow rate
of 1 ml min−1 with a split ratio of 30:1.
2.6.  Validation  procedure
A standard mixture containing five FAs: PA (C16:0),
OA (C18:1 cis9), EA (C18:1 trans9), LA (C18:2 cis9,
cis12) and LEA (C18:2 trans9, trans12), as representa-
tives of saturated FA, cis and trans of mono-unsaturated
FA and cis & trans of poly-unsaturated FA, respectively,
was used to prepare the stock solution (Std1). Calibra-
tion curves were produced from five working standard
from 0.1 to 24 g ml−1 (5 points), in which prepared
daily from Std1 by diluting with n-hexane, and a known
concentration of IS (4 g ml−1) was added to the tubes.
All the mixtures of the working standards and IS were
stored at −20 ◦C until analysis.
Each one of the working standards was first processed
with hexane, and FAMEs were prepared using the same
procedures as described above and injected (1 l) five
times in the GC under the same conditions. Calibration
curves were constructed from the analyses in triplicate
of the aforementioned working standards (according to
the Multiple Point IS method) for quantitative purposes.
The method was subject to validation according to guide-
lines for validation of chromatographic methods [40]. In
this regard, response linearity of the pure FAs, sensitiv-
ity, limit of detection (LOD) and quantification (LOQ),
recovery, and precision of the analytical procedure were
all calculated.
3.  Results  and  discussion
3.1.  The  calibration  curves  and  response  linearity
The tested FA standards were detected as FAMEs by
GC–FID in approximately a 35 min single run analysis
with a good separation between peaks. Separate cali-
bration plots curves for each one of the five pure FAs
selected, shown in Fig. 1, were used to calculate the
linear response of the FAs in the FID detector. Table 1
presents the equation and correlation coefficients (r2) for
each one of the five calibration curves.
As observed from the data, the results were found
to be linear over the concentration range studied and
the values of r2 were higher than 0.99 for all the FAs
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Fig. 1. The calibration plots for the five selected standard FAs.
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Table 1
Equations, correlation coefficients, inter- and intra-day variation and recovery percentage of the five FAs determined in the mixtures standard.
Fatty acidsa Calibration curve equationb Coefficient correlation (r2) Intra-day, RSD%c Inter-day, RSD%d Recovery, R%e
PA y = 0.0465x  + 0.0262 0.9963 0.69 1.04 98.21
OA y = 0.0521x  + 0.0017 0.9976 0.90 1.21 97.22
EA y = 0.0501x  + 0.0200 0.9941 0.56 0.97 96.83
LA y = 0.0452x  + 0.0526 0.9926 0.71 1.33 98.54
LEA y = 0.0572x  + 0.0010 0.9919 0.92 1.41 96.99
a PA, palmitic acid; OA, oleic acid; EL, elaidic acid; LA, linoleic acid; LEA, linolelaidic acid.
b y, FA peak area/IS peak area; x, [FA]/[IS]; IS, internal standard (C15:0).
c The mean value of RSD established from sex (n = 6) complete analyses of each sample in a day.
d The mean value of RSD established from three complete analyses repeated tree consecutive days.
 analysie The mean of recovery percentage established from the complete
solution at three concentrations (Std2, Std4, Std6).
studied. The slope values of the regression lines were
similar (approximately 0.05), indicative of similar
detector calibration sensitivity for each analyte [37,15].
3.2.  Limit  of  detection  and  quantiﬁcation
The results of LOD and LOQ were calculated from
the mean noise value by analysing six blanks, and estab-
lished by multiplying the mean noise value by 3 and 10,
respectively. Overall, the range of LOD values obtained
was from 0.03 to 0.09 g ml−1, and the range of LOQ
was from 0.1 to 0.2 g ml−1 for the target FAs.
3.3.  The  precision  and  accuracy  of  the  method
The precision of the quantitative method was checked
through the repeatability (intra-day) and reproducibil-
ity (inter-day) experiment. The intra-day of the method
was established from sex (n  = 6) complete analyses of
each sample under the same conditions in a day, and
the inter-day was established from three (n  = 3) com-
plete analyses of each sample repeated three consecutive
days. On the other hand, the accuracy of the analy-
sis method was verified by means of recovery assay.
The recovery percentage (R%) of the method was estab-
lished from the complete analysis in triplicate (n  = 3)
of FAMEs standard fortified with a standard work-
ing solution at three concentrations (Std2, Std4, Std6).
The mean values of repeatability, reproducibility, which
expressed by relative standard deviation (RSD%), and
R% obtained for the five FAs studied are shown in
Table 1.
As observed from the table that the values for (intra-
day RSD) ranged between 0.56% and 0.92% for all
target analytes, and the values for (inter-day RSD) ranged
between 0.97% and 1.41%. Besides, the mean of R% val-
ues ranged from 96.83% to 98.54% for all target analytes.s in triplicate of FAMEs standard fortified with a standard working
Based on the above, these results confirm the precision
of this method because the RSD% values are more con-
sistent and lower than those values obtained from the
improved standard methods [28,3,25,41]. Moreover, R-
values, which almost approaching 100%, indicate that
the proposed method is accurate, credible, and suitable
for quantified analysis of mixture of FA and TFA as
compared to the other methods [28,25,15,35].
3.4.  The  application  of  the  method
In order to demonstrate the applicability of the pro-
posed method for determining the FA in different rich
samples in saturated, mono-, poly-unsaturated with spe-
cial emphasis on TFA, it was used to determine the
selected FAs and TFAs in food fats and oils through
a variety of five samples of bakery products (biscuit,
cookie, cracker, cake, bread) and all of which contain
mixtures of vegetable oils, partially hydrogenated oils
and oils fraction in its ingredients.
FAMEs in these samples were identified by conduct-
ing a comparison of similar peak retention times (Rt)
using pure FAs standards. Fig. 1 shows a typical GC–FID
chromatogram of total FA analysis on one of the sam-
ples (sample A, biscuit) obtained using the proposed
procedure as outlined previously. In general, the base-
line separation was achieved for all components within
35 min with a good separation between FAs and TFAs
peaks, thus, indicating that the peak overlapping was
not interfered with by the peaks of major constituents as
opposed to the chromatograms presented by some of the
analysis methods [13,1]. Furthermore, no strange peaks
or artefacts interfering with the FA chromatographic
peaks were found. This result also confirms what earlier
reported that TMS-DM did not produce any methoxy
artefacts associated with base-catalyzed [2,18,19,29,24]
(Fig. 2).
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Fig. 2. GC–FID chromatogram of sample A (biscuit). 1 = C12:0;
2 = C14:0; 3 = C16:0; 4 = C18:0; 5 = C18:1 t9; 6 = C18:1; 7 = 18:2
9t,12t; 8 = C18:2; 9 = C18:3; 10 = C22:0; IS = C15:0.
Table 2
Absolute concentrations (g FA 100 g−1 sample), and the estimated results of p
of various bakery products.
Samplesa FAsb Detected concentration,
mean ± SDc (g FA 100 g−1)
In
A
PA 9.45 ± 0.1 1.
OA 7.01 ± 0.2 2.
EA 0.73 ± 0.02 1.
LA 2.11 ± 0.04 2.
LEA 0.36 ± 0.1 2.
B
PA 11.06 ± 0.2 1.
OA 9.57 ± 0.1 1.
EA 0.21 ± 0.01 2.
LA 2.53 ± 0.1 3.
LEA 0.08 ± 0.01 2.
C
PA 10.22 ± 0.2 1.
OA 10.37 ± 0.3 2.
EA 0.32 ± 0.01 3.
LA 2.90 ± 0.3 1.
LEA 0.06 ± 0.01 3.
D
PA 12.14 ± 0.1 0.
OA 5.10 ± 0.08 1.
EA 0.89 ± 0.03 2.
LA 1.29 ± 0.02 1.
LEA 0.25 ± 0.01 2.
E
PA 11.12 ± 0.2 2.
OA 9.14 ± 0.1 1.
EA 0.49 ± 0.02 3.
LA 2.05 ± 0.06 3.
LEA 0.10 ± 0.01 1.
a A, biscuit; B, cracker; C, cokes; D, cake; E, bread.
b PA, palmitic acid; OA, oleic acid; EL, elaidic acid; LA, linoleic acid; LEA
c Standard deviation.
d The mean of recovery percentage established from the complete analysis i
three concentrations (Std2, Std4, Std6).niversity for Science 7 (2013) 56–63 61
According to the Multiple Point IS method, the con-
centrations of FAs in the food samples were determined
using the ratio of the peaks area of the analyte to the IS
and the calibration plots. The concentration of all FAs
studied, including TFAs, was analyzed and calculated for
all five samples in absolute content. Table 2 presents the
mean of the absolute (g FA 100 g−1 sample) content for
each FA determined using the proposed method. Overall,
the results obtained for both saturated FAs and polyun-
saturated FAs in all the studied products indicate that all
the fat sources for making the products were palm oil and
its derivatives such as palm stearin and palm kernel olein.
The results also show that the amount of trans monoun-
saturated and polyunsaturated FAs in three of studied
products (B, C and E) were very low. The presence of
small amounts of TFAs in those products might be due
to isomerization during deodorization which is normally
carried out at 250–260 ◦C [38,8]. On the other hand, the
recision and accuracy for the five selected standard FAs in the samples
tra-day, RSD% Inter-day, RSD% Recovery, R%d
16 1.91 96.38
28 3.34 102.05
30 2.03 98.94
07 2.76 95.91
92 3.55 97.77
44 1.83 98.32
39 2.14 103.68
33 3.56 101.90
61 4.09 96.29
01 2.11 99.53
98 2.15 98.11
78 2.91 99.02
55 3.18 102.92
69 1.87 95.73
04 3.76 103.50
98 1.24 97.55
51 1.99 100.97
71 3.69 101.95
67 2.20 98.10
99 3.14 103.47
00 2.13 96.91
39 2.11 101.43
18 3.54 99.17
13 4.18 97.98
72 2.87 100.29
, linolelaidic acid.
n triplicate of the sample fortified with a standard working solution at
ibah U62 T.A. Omar, J. Salimon / Journal of Ta
amounts of trans C18:1 (EA) and C18:2 LEA for both
products A and D were significantly higher than the other
products which might be due to the use of hard stearin
as one of the fat sources. Hard stearin could be obtained
through combination of hydrogenated palm stearin with
non-hydrogenated fat [25].
The analysis of previous samples was also used to
validate the proposed method. The recovery percentage
of the method was established by spiking a sample with a
standard working solution at three concentrations (Std2,
Std4, Std6), and assaying it in triplicate. The concentra-
tions of the FAs in the nonspiked sample were subtracted
from the concentrations in the spiked sample and the
recovery percentages (R%) were calculated by dividing
the calculated concentrations by the expected concentra-
tions. The mean of recovery percentages obtained for five
FA studied is shown in Table 2. The repeatability (intra-
day) and reproducibility (inter-day) replications on real
samples were used to measure the precision of the quan-
titative method. The values for intra- and inter-day of
each sample were calculated by using the measured data
of a single day and three successive days, respectively.
Table 2 also includes the estimated results of intra- and
inter-assay variations for each FA studied, and the values
were expressed by (RSD%). For all the samples, R  val-
ues ranged from 95.73% to 103.68%, repeatability and
reproducibility ranged from 0.98% to 3.61% and from
1.24 to 4.18, respectively. Thus, these results showed the
highest recovery values and the lowest intrra- and inter-
day variation values for all target analytes. Accordingly,
the obtained findings proved that the proposed method
is appropriate in terms of accuracy, precision and sen-
sitivity. Therefore, this method would be reliable for
quantified analysis of different types of FAs and TFAs in
various fats and oils samples with products of the food
fats.
4.  Conclusion
A GC method for identification and quantification of
FAs and TFAs from food products based on the combina-
tion of lipid extraction and derivatization using NaOCH3
followed by TMS-DM allows the determination of free
and esterified FAs in different food fats and their prod-
ucts with a high degree of accuracy, sensitivity and
reliability. This derivatization method yields satisfactory
results on preparing FAMEs from FAs for GC analy-
sis, including TFA, without changing the original isomer
distribution or geometric configuration of TFA. Further-
more, recovery, repeatability and reproducibility values
obtained using this method to analyze a mixture of FA
and TFA in different bakery products, as well as the lack
[niversity for Science 7 (2013) 56–63
of artefacts observed on the chromatograms, provided
sufficient evidence to suggest the proposed method is
a suitable alternative for the analysis of a complex mix-
ture of cis/trans FAs spanning a broad range of molecular
types, as found in hydrogenated vegetable oils, blended
fats and their derivatives of bakery products (biscuits,
crackers, bread, cookies and cake) for correct nutrition
labelling and control of labelling authenticity due to the
effect of these isomers on the health of consumers.
Acknowledgements
The authors would like express their appreciation
and acknowledgement to the Universiti Kebangsaan
Malaysia (UKM) for the research funding (“Code UKM-
GUP-NBT-08-27-113” and “DPP-2013-054”), and to
the School of Chemical Science & Food Technology,
Faculty of Science and Technology, UKM, for their con-
stant support and encouragement in carrying out this
study.
References
[1] R. Ackman, Remarks on official methods employing boron tri-
fluoride in the preparation of methyl esters of the fatty acids of
fish oils, Journal of the American Oil Chemists Society 75 (1998)
541–545.
[2] N. Aldai, B.E. Murray, A.I. Nájera, D.J. Troy, K. Osoro, Deriva-
tization of fatty acids and its application for conjugated linoleic
acid studies in ruminant meat lipids, Journal of the Science of
Food and Agriculture 85 (2005) 1073–1083.
[3] E.M. Antolin, D.M. Delange, V.G. Canavaciolo, Evaluation of
five methods for derivatization and GC determination of a mix-
ture of very long chain fatty acids (C24:0–C36:0), Journal of
Pharmaceutical and Biomedical Analysis 46 (2008) 194–199.
[4] AOAC, Official methods of analysis, in: M. Gaithersburg (Ed.),
Official Method 920.39, 17th ed., AOAC International, 2000.
[5] A. Aro, J. Van Amelsvoort, W. Becker, M.A. van Erp-Baart, A.
Kafatos, T. Leth, G. Van Poppel, Trans fatty acids in dietary fats
and oils from 14 European countries: the TRANSFAIR study,
Journal of Food Composition and Analysis 11 (1998) 137–149.
[6] K. Backholer, A. Peeters, Reduction of trans-fatty acids from
food, Journal of American Medical Association 308 (2012)
1858–1859.
[7] L.S. Basconcillo, B.E. McCarry, Comparison of three GC/MS
methodologies for the analysis of fatty acids in Sinorhizobium
meliloti: development of a micro-scale, one-vial method, Journal
of Chromatography B 871 (2008) 22–31.
[8] K. Berger, N.A. Idris, Formulation of zero-trans acid shortenings
and margarines and other food fats with products of the oil palm,
Journal of the American Oil Chemists Society 82 (2005) 775–782.
[9] M.I. Bhanger, F. Anwar, Fatty acid (FA) composition and contents
of trans unsaturated FA in hydrogenated vegetable oils and
blended fats from Pakistan, Journal of the American Oil Chemists
Society 81 (2004) 129–134.
10] M. Bockisch, Fats and Oils Handbook, AOCS Press, Champaign,
USA, 1998.
ibah U
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[T.A. Omar, J. Salimon / Journal of Ta
11] M. Brandt, J. Moss, M. Ferguson, The 2006–2007 Food Label and
Package Survey (FLAPS): nutrition labeling, trans fat labeling,
Journal of Food Composition and Analysis 22 (2009) S74–S77.
12] I. Brondz, Development of fatty acid analysis by high-
performance liquid chromatography gas chromatography, and
related techniques, Analytica Chimica Acta 465 (2002) 1–37.
13] W.W. Christie, Preparation of ester derivatives of fatty acids for
chromatographic analysis, Advances in Lipid Methodology 2
(1993) 69–111.
14] W.W. Christie, X. Han, Lipid Analysis: Isolation, Separation,
Identification and Lipidomic Analysis, Oily Press Bridgewater,
UK, 2010.
15] P. Delmonte, J.I. Rader, Evaluation of gas chromatographic meth-
ods for the determination of trans fat, Analytical Biochemistry
389 (2007) 77–85.
16] S. Dixit, M. Das, Fatty acid composition including trans fatty
acids in edible oils and fats: probable intake in Indian population,
Journal of Food Science 77 (2012) 188–199.
17] S.L. Elias, S.M. Innis, Bakery foods are the major dietary source
of trans-fatty acids among pregnant women with diets provid-
ing 30 percent energy from fat, Journal of the American Dietetic
Association 102 (2002) 46–51.
18] M. Juárez, A. Juárez, N. Aldai, C. Avilés, O. Polvillo, Validation
of a gas–liquid chromatographic method for analysing samples
rich in long chain n-3 polyunsaturated fatty acids: application to
seafood, Journal of Food Composition and Analysis 23 (2010)
665–670.
19] M. Juárez, O. Polvillo, M. Contò, A. Ficco, S. Ballico, S. Failla,
Comparison of four extraction/methylation analytical methods to
measure fatty acid composition by gas chromatography in meat,
Journal of Chromatography A 1190 (2008) 327–332.
20] S. Jumat, S. Mamot, R. Suria, A. Mohamad, Oil and Fat Analysis,
UKM Press, Bangi, 2006.
21] F.A. Kummerow, The negative effects of hydrogenated trans fats
and what to do about them, Atherosclerosis 205 (2009) 458–465.
22] C.D.W. Marais, The Determination of cis and trans Fatty Acid
Isomers in Partially Hydrogenated Plant Oils, University of Stel-
lenbosch, Stellenbosch, 2007.
23] M. Mossoba, J.K.G. Kramer, V. Milosevic, M. Milosevic, H.
Azizian, Interference of saturated fats in the determination
of low levels of trans fats (below 0.5%) by infrared spec-
troscopy, Journal of the American Oil Chemists Society 84 (2007)
339–342.
24] C. Murrieta, B. Hess, D. Rule, Comparison of acidic and alkaline
catalysts for preparation of fatty acid methyl esters from ovine
muscle with emphasis on conjugated linoleic acid, Meat Science
65 (2003) 523–529.
25] Y.P. Neo, C.H. Tan, A. Ariffin, Fatty acid composition of five
Malaysian biscuits (cream crackers) with special reference to
trans-fatty acids, ASEAN Food Journal 14 (2007) 197–204.
26] D. Palmquist, T. Jenkins, Challenges with fats and fatty acid
methods, Journal of Animal Science 81 (2003) 3250–3254.
27] M. Petrovic´, N. Kezic´, V. Bolancˇa, Optimization of the GC method
for routine analysis of the fatty acid profile in several food sam-
ples, Food Chemistry 122 (2010) 285–291.
28] K.M. Phillips, D.M. Ruggio, K.R. Amanna, Optimiza-
tion of standard gas chromatographic methodology for the
[niversity for Science 7 (2013) 56–63 63
determination of trans fat in unlabeled bakery products, Food
Analytical Methods 3 (2010) 277–294.
29] A. Presser, A. Huefner, Trimethylsilyldiazomethane—a mild and
efficient reagent for the methylation of carboxylic acids and
alcohols in natural products, Monatshefte für Chemie/Chemical
Monthly 135 (2004) 1015–1022.
30] F. Priego-Capote, J. Ruiz-Jiménez, M. de Castro, Identification
and quantification of trans fatty acids in bakery products by
gas chromatography–mass spectrometry after focused microwave
Soxhlet extraction, Food Chemistry 100 (2007) 859–867.
31] F. Priego-Capote, J. Ruiz-Jiménez, J. Garcııˇa-Olmo, M. Luque
de Castro, Fast method for the determination of total fat and
trans fatty-acids content in bakery products based on microwave-
assisted Soxhlet extraction and medium infrared spectroscopy
detection, Analytica Chimica Acta 517 (2004) 13–20.
32] W. Ratnayake, J. Beare-Rogers, Problems of analyzing C18 cis-
and trans-fatty acids of margarine on the SP-2340 capillary col-
umn, Journal of Chromatographic Science 28 (1990) 633–639.
33] B. Rozema, B. Mitchell, D. Winters, A. Kohn, D. Sullivan, E.
Meinholz, Proposed modifications to AOAC 996.06, optimizing
the determination of trans fatty acids: presentation of data, Journal
of AOAC International 91 (2008) 92–97.
34] S. Satchithanandam, C.J. Oles, C.J. Spease, M.M. Brandt, M.P.
Yurawecz, J.I. Rader, Trans, saturated, and unsaturated fat in foods
in the United States prior to mandatory trans-fat labeling, Lipids
39 (2004) 11–18.
35] M. Schreiner, Quantification of long chain polyunsaturated fatty
acids by gas chromatography: evaluation of factors affecting accu-
racy, Journal of Chromatography A 1095 (2005) 126–130.
36] A.P. Simopoulos, The importance of the ratio of omega-6/omega-
3 essential fatty acids, Biomedicine and Pharmacotherapy 56
(2002) 365–379.
37] J. Slemr, F. Slemr, H. D‘Souza, R. Partridge, Study of the relative
response factors of various gas chromatograph–flame ionisation
detector systems for measurement of C2–C9 hydrocarbons in air,
Journal of Chromatography A 1061 (2004) 75–84.
38] T. Tang, Fatty acid composition of edible oils in the Malaysian
market, with special reference to the trans-fatty acids, Journal of
Oil Palm Research 14 (2002).
39] M.T. Tarrago-Trani, K.M. Phillips, L.E. Lemar, J.M. Holden, New
and existing oils and fats used in products with reduced trans-fatty
acid content, Journal of the American Dietetic Association 106
(2006) 867–880.
40] I. Taverniers, M. De Loose, E. Van Bockstaele, Trends in qual-
ity in the analytical laboratory. II. Analytical method validation
and quality assurance, Trends in Analytical Chemistry 23 (2004)
535–552.
41] C. Tyburczy, M.M. Mossoba, A.R. Fardin-Kia, J.I. Rader,
Evaluation of low trans fat edible oils by attenuated total
reflection-Fourier transform infrared spectroscopy and gas chro-
matography: a comparison of analytical approaches, Analytical
and Bioanalytical Chemistry (2012) 1–11.
42] P. Wassell, N.W.G. Young, Food applications of trans fatty acid
substitutes, International Journal of Food Science and Technology
42 (2007) 503–517.
43] C.M. Williams, Dietary fatty acids and human health, Annales de
Zootechnie (2000) 165–180.
